ABSTRACT. Radiotherapy plays a very important role in cancer treatment. Radiosensitizers have been widely used to enhance the radiosensitivity of cancer cells at given radiations. Here we fabricate multi-walled carbon nanotubes with ammonium persulfate, and get very short samples with 30-50 nanometer length. Cell viability assay show that f-WCNTs induce cell death significantly. We hypothesize that free radicals originated from hydroxyl and carbonyl groups on the surface of f-WCNTs lead cell damage.
As is well known, radiotherapy plays a very important role in cancer treatment, and the cure effect strictly relied on the intrinsic radiosensitivity of target cancer cells. Besides of very fewer sensitive examples, such as atxia telangiectasia [1] cells, most malignancy cells are of moderate radiosensitivity, even some of them are radioresistant [2] . In order to achieve better treatment effect, radiosensitizers [2] [3] [4] [5] [6] [7] [8] are frequently used in vivo or in vitro performances. Radiosensitizer introduce a higher radiotherapy effect mainly through capturing electrons in target volume under irradiations to prevent them from recombination with radiation-injured samples [3] .
In recent years, ability of carbon nanotubes [9] [10] [11] [12] [13] to transport across cell membranes has received significant interest. Since the carbon nanotubes appear to be non toxic for the cell lines, they can be considered as a new tool to deliver poorly penetrating drug, peptides, peptidomimetics, protein or small organic probe molecules into cancerous cells [9] [10] [11] [12] [13] [14] , though, very little sight is thrower on carbon nanotubes itself in radiobiology. Due to its very unique structure characteristic and subsequent physical and chemical properties, simple carbon nanotubes would display unanticipated radiobiological function.
In present study, we describe preparation of multi-walled carbon nanotubes modified with ammonium persulfate. The modified carbon nanotubes are not only able to readily enter cervix cancer cells (HeLa cells), but also to effectively kill the cancerous cells under low dose of gamma radiations. Furthermore, both p-WCATs and f-MWCNTs themselves appear non-toxic for HeLa cells. Upon increasing concentration of f-MWCNTs in growth medium when exposed to radiation, there is a significant decrease of the cell survivals, exhibiting dose-dependent toxicity.
The Stable aqueous suspensions of purified, shortened, and functionalized carboxylic acid nanotubes is obtained by oxidation and polishing [15] [16] [17] of laser-ablated raw multi-walled carbon nanotubes (purchased from Shenzhen Nanotech Port Co. Ltd.). In order to eliminate metal catalysts, the carbon nanotubes was afterward dispersed in 6 M HCl under ultrasonic agitation, washed with sodium hydroxide solution and deionized water to neutrality and dried. The purified MWCNTs is suspended in hours at 50 °C. The rinse and filtration process is repeated as described above, at the end, we get f-WCNTs.
All of the tested materials are conducted in sterile PBS, and kept the cells from contaminant. Hela cells purchased from ATCC (America) are cultured in DMEM (Invitrogen-Gibco), supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 µg/mL streptomycin. The cells are incubated in a humidified atmosphere of 5% CO 2 -95% air at 37 °C in a 75 cm 2 flask, and supplied with fresh medium every three days.
Incubation of cells is done by adding PBS of the p-MWCNTs, f-MWCNTs into the culture medium
(concentration ranges from 0 to 50 g/mL in the culture medium), and the incubation duration is always 4 h. After incubation, the cells are washed with PBS and resuspended in fresh culture medium.
All confocal images are taken immediately after the incubation and washing steps except for the radiation experiment and cell viability assay. The cell suspension (20 µL) is dropped onto a glass-bottomed dish and image by a Zeiss LSM 510 confocal microscopy.
Cells are randomly divided into three groups: two are adding p-WCNTs, f-WCNTs into cell culture medium, respectively; and another group is regarded as control with no other materials added into. Cells are irradiated with 60 Co gamma rays with dosage range from 0 to 6 Grays (Dose rate was 1Gray per minute). To examine the dispersion state of the MWCNTs in water solutions, one drop of the water solution with
MWCNTs (1 mg/mL) is dropped on a silicon-oxide substrate for SEM analysis, the image reveal mostly short (about 100 nm-1 µm) p-MWCNTs and 30-100nm f-WCNTs with diameters in the range of 20-60 nm corresponding to mostly isolated individual MWCNTs (Fig. 1a, 1b) . No significant amount of particles is observed on the substrate, suggesting good purity of short MWCNTs in water solution. In pure water, the suspension of the black MWCNTs is stable for extending periods of time and does not agglomerate, which is likely relative to amount of shortened MWCNTs, which is not contradictory with that polishing makes carbon nanotubes flocculate more in the reported literature [15] [16] . In physiological buffer solutions containing 0.2 M salt, the suspension of MWCNTs is less stable and start to aggregate after 2 h. We use Zetasizer 3000HS (Malvern Instruments Ltd, UK) achieve the zeta potential of p-and f-WCNTs,which is 42mv and 54mv, respectively. This indicates the more negative electronical groups existed on the surface of f-WCNTs than that of p-WCNTs (Fig. 1c, 1d) . Furthermore, IR analysis showe that both carbonyl and hydroxyl peak number of f-WCNTs are higher than that of p-WCNTs (Fig. 1e, 1f) . These groups will change into free radicals in aqueous atmosphere when exposed to ion radiation, and consequently induce cell damage [18] .
To via hydrophobic interaction with sidewalls of the carbon nanotubes [13] [14] . The MWCNTs can nonspecifically associate with hydrophobic regions of the cell surface and internalize by endocytosis [20] [21] . Therefore, when the ssDNA was complexed to the MWCNTs they readily entered the cancerous cells.
In conclusion, the ammonium persulfate functionalized MWCNTs are soluble, and can enter cancer 
